Restriction endonuclease digestion of linear borrelial chromosomal DNA showed that three isolates of UK Lyme disease spirochaetes differed markedly from each other and from published data for other isolates from North America and continental Europe. Analysis of linear plasmid bands revealed that UK isolates differed from each other in the number and sizes of the plasmids in isolates from different foci of UK Lyme disease. Fatty acid analysis (of fatty acid methyl ester (FAME) profiles) showed the UK isolates clustering together with the relapsing fever spirochaetes, Borreliu turicatue and Borrelia purkeri. These data are discussed in respect of current knowledge of Lyme borreliosis in the UK.
Introduction
Lyme disease is a multisystem illness affecting humans and caused by the tick-transmitted spirochaete Borreliu burgdoqeri sensu lute [l] . The disease has a broad geographical distribution with the highest incidences in North America and Eurasia [l] . Several genospecies of the aetiological agent have been described. The principal type occurring in North America is Borrelia burgdorferi sensu stricto, whereas this species, together with B. gurinii and B. afielii, are common in Europe [l] 
Preparation of high molecular weight genomic DNA
Forty milligrams of Borrelia resuspended in 1 ml of NET-100 were mixed with 1 ml of molten low melting point chromosomal grade agarose (0.9% in NET-loo;
BioRad Laboratories, Richmond, CA, USA) and dispensed into plugs (1 X 9 X 20 mm). Agarose plugs were incubated (24 h, 37°C) in lysis solution (6 mM Tris-HCl pH 7.6, 1 M NaCl, 100 mM EDTA, 0.5% sarcosyl, 1 mg/ml lysozyme) followed by proteinase K treatment (48 h, 50°C) in ESP (0.5 M EDTA pH 9.0 containing 1% sarcosyl and 1.5 mg/ml proteinase K (Boehringer)). Agarose plugs were stored in ESP at 4°C.
Materials and methods

Culturing of borrelia
Borrelia isolates (Table 1) were grown in modified Barbour-Stoenner-Kelly medium as described by [lo] . The medium was prepared as described in [l l]. Spirochaetes were harvested by centrifugation (3000 X g, 1.5 min) when grown to a highly motile Portions (1 X 1 X 9mm for chromosomal DNA, 6 x 5 x 1 mm for plasmid DNA) of agarose plugs containing high molecular weight DNA were subjected to pulsed field gel electrophoresis (PFGE) in 0.5 x TBE (1 X TBE is 90 mM Tris-borate and 1 mM EDTA pH 8.0) through 1% agarose (BioRad) for 21 h with a ramped pulse time of 30-75 s. Gel strips were stained with ethidium bromide (0.5 pg/ml) to reveal the location of the chromosomal or plasmid DNA so that blocks of agarose containing unstained chromosomal or plasmid DNA could be excised from neighbouring lanes. The blocks were incubated at 55°C for 20 min in ES (0.5 M EDTA pH 9.0 containing 1% sarcosyl) followed by 2 washes in TE (10 mM Tris-HCl, 1 mM EDTA pH 8.0) prior to storage at 4°C. Agarose blocks were washed repeatedly in TE followed by incubation (4°C 30 min) in KGB buffer [12] . The KGB buffer was replaced with fresh KGB buffer and restriction enzyme (200 U/ml) added. The blocks were incubated at 4°C (20 min) followed by 17 h at 37°C.
Agarose blocks containing restriction enzyme digested borrelial DNA were treated in ES (55°C 20 min) followed by two washes in TE prior to loading on pulsed field gels (1.25-1.5% agarose in 0.5 X TBE) and electrophoresis undertaken at pulse times suitable for fragment separation. Gels were stained in ethidium bromide solution (0.5 pg/ml; 30 min).
Fatty acid methyl ester extraction
This was performed as described in [ll] . FAMES were analysed using a Hewlett Packard series II gas liquid chromatography model 5890A equipped with a phenyl methyl silicone capillary column. The reproducibility of all samples including the UK isolates was determined by analysis three times under standard conditions. Standard deviation and coefficients of variation were calculated as described in ml. Three restriction endonucleases which cleaved the borrelial chromosome infrequently were selected: MuI, SmaI and XhoI. These enzymes cleaved the borrelial chromosomes into 4-6,5-9 and 8-11 fragments, respectively (Fig. 1) . Restriction digestion of the borrelial chromosome using XbaI yielded too many restriction fragments to make comparisons. The fragment size range and distribution for MuI, SmaI and XhoI were optimal for resolution by pulsed field gel electrophoresis. For each isolate the approximate chromosome size was obtained by adding together the sizes of the resolved restriction fragments and found to be in the range 950 kb-1 Mb. This was in agreement with previous estimates from linear physical maps [13, 14] . 
Comparison of linear plasmid profiles
Borrelia species have been shown to contain a number of linear and supercoiled plasmids [15] . The linear plasmids in the size range 40-60 kb of the isolates in Table 1 were amenable to separation by PFGE showing a wide range in plasmid profiles between the three isolates (Fig. 2). 
Fatty acid analysis of UK isolates
Representative FAME profiles for isolates UK, SO1 and SO2 are shown in Fig. 3 . Isolates SO1 and SO2 were the only isolates to contain summed feature 7, a mixture of structurally similar fatty acids which could not be resolved by the method used in this study. The UK isolates were unusual in that they did not contain arachidonate, a 20 carbon fatty acid which was present in other European Lyme disease spirochaetes [16] . The Microbial Identification software enabled a FAME relatedness tree to be constructed (Fig. 4) . This showed the UK isolates clustering with the relapsing fever spirochaetes, B. turicatae and B. parkeri, within group 2 previously described in Livesley et al. [16] .
Discussion
We set out to determine gross genetic and phenotypic characteristics of spirochaetes isolated from I. ricinus ticks collected in areas where human cases of Lyme borreliosis have been recorded [17] . A number of workers have found that isolates of B. burgdorferi from the UK differ significantly from spirochaetes isolated from other countries [8, 17] .
Comparison of the macrorestriction fragment profiles of the isolates UK, SO1 and SO2 with published MluI and SmaI digests [18] showed them to be distinctly different from isolates of B. burgdorferi, B. garinii and B. afielii from continental Europe and North America. The differences between the macrorestriction fragment profiles of the isolates SO1 and SO2 (Fig. 1) are particularly interesting given the close proximity of the sites from which they were isolated (Savernak Forest and Grosvenor Wood respectively) in the New Forest district. This raises the question about whether different genotypes kb Fig. 2 . Pulsed field gel of total genomic DNA of the isolates in Table 1 . Chromosome and plasmids were resolved using a ramped pulse time of 30-75 s for 21 h (1.0% agarose). Plasmids were in the size range 40-60 kb. The sizes of molecular weight standards (A concatemers and Saccharomyces cerevisiae chromosomes as appropriate) are shown in kilobase pairs on the right. and possibly species of Lyme disease spirochaetes are able to circulate among the tick population within a certain geographical area. Furthermore ticks may be capable of harbouring more than one population of Lyme disease spirochaetes.
B. burgdorferi
from I. ricinus in the UK is present in far fewer numbers per infected tick than has been reported for infected ticks from continental European field sites [6, 19] . There may be few isolates of UK B. burgdorferi because there are usually fewer spirochaetes per tick in the UK than found elsewhere. Alternatively there may be difficulties in the adaptation of UK B. burgdorferi to culturing in vitro (S.J. Cutler, personal communication, 1993 and [d).
The dendrogram obtained from the fatty acid data (and also data from protein gels, results not shown) suggests that UK, SO1 and SO2 may have similar phenotypes despite having highly dissimilar macrorestriction fragment patterns. UK, SO1 and SO2 isolates clustered together with B. purkeri and 3. turicatae (Fig. 4) . These relapsing fever spirochaetes are transmitted by soft bodied, argasid ticks of Ornithodoros species.
While there are plasmids present in SO1 which are absent from SO2 and UK, it would be unwise to draw conclusions from the plasmid profiles given the different extents of passage of the UK isolates used in this study (Table 1) . This is because Lyme disease spirochaetes have been shown to lose infectivity associated with the loss of plasmids during repeated culturing [201.
The data presented in this paper support the suggestion that spirochaetes circulating in recognised foci of Lyme borreliosis in the UK have different genotypic and phenotypic characteristics compared with their continental European and North American counterparts.
These characteristics may affect the infectivity of the spirochaete in its various hosts and the pathogenesis of the disease in humans. Dykhuizen et al. [21] suggested that an understanding of the geographic and genetic variability of B. burgdorferi will prove essential for the development of effective vaccines and programmes for control of Lyme borreliosis. Lyme disease spirochaetes endemic to Britain may represent divergent clones of B. burgdorferi .semu Zato and further work to relate genotype and phenotype to disease manifestations must be undertaken.
